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Best Practices in High-Tech Learning
Abstract
The Synthesis Coalition, one of the flfSt two engineering coalitions funded by the National Science
Foundation in 1990, is comprised of Berlceley, Cal Poly at San Luis Obispo, Cornell, Hampton, Iowa State,
Southern, Stanford, and Tuskegee. One of the major goals of the coalition was to create the National
Engineering Educational Delivery System (NEEDS). This system consists of a multimedia, indexed database
where engineering lessons, modules and images are stored for retrieval, courseware studios to create and
modify multimedia courseware, and hightechnology delivery systems (learning environments) for
appropriate display of th e material [1-3].
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S e s s i o n  3 5 2 0  
B e s t  P r a c t i c e s  i n  H i g h - T e c h  L e a r n i n g  
S a n j i v p a l  S .  G i l 1 / L a w r e n c e  J .  G e n a l o  
U n i v e r s i t y  o f  C a l i f o r n i a ,  B e r k e l e y / I o w a  S t a t e  U n i v e r s i t y  
1 . 0  I n t r o d u c t i o n  
T h e  S y n t h e s i s  C o a l i t i o n ,  o n e  o f  t h e  f l f S t  t w o  
e n g i n e e r i n g  c o a l i t i o n s  f u n d e d  b y  t h e  N a t i o n a l  S c i e n c e  
F o u n d a t i o n  i n  1 9 9 0 ,  i s  c o m p r i s e d  o f  B e r l c e l e y ,  C a l  
P o l y  a t  S a n  L u i s  O b i s p o ,  C o r n e l l ,  H a m p t o n ,  I o w a  
S t a t e ,  S o u t h e r n ,  S t a n f o r d ,  a n d  T u s k e g e e .  O n e  o f  t h e  
m a j o r  g o a l s  o f  t h e  c o a l i t i o n  w a s  t o  c r e a t e  t h e  N a t i o n a l  
E n g i n e e r i n g  E d u c a t i o n a l  D e l i v e r y  S y s t e m  ( N E E D S ) .  
T h i s  s y s t e m  c o n s i s t s  o f  a  m u l t i m e d i a .  i n d e x e d  
d a t a b a s e  w h e r e  e n g i n e e r i n g  l e s s o n s ,  m o d u l e s  a n d  
i m a g e s  a r e  s t o r e d  f o r  r e t r i e v a l ,  c o u r s e w a r e  s t u d i o s  t o  
c r e a t e  a n d  m o d i f y  m u l t i m e d i a  c o u r s e w a r e ,  a n d  h i g h -
t e c h n o l o g y  d e l i v e r y  s y s t e m s  ( l e a r n i n g  e n v i r o n m e n t s )  
f o r  a p p r o p r i a t e  d i s p l a y  o f  t h  
e  m a t e r i a l  [ 1 - 3  ] .  
O n e  a r e a  w h i c h  h a s  s e e n  a  g r e a t  d e a l  o f  g r o w t h  i n  
r e c e n t  y e a r s ,  b o t h  i n  a n d  o u t s i d e  o f  t h e  S y n t h e s i s  
C o a l i t i o n ,  i s  i n  t h e  u s e  o f  h i g h - t e c h n o l o g y  i n  t h e  
c l a s s r o o m  [ 4 - 6 ] .  I n  f a c t ,  a n  e l e c t r o n i c  n e w s l e t t e r  r u n  
b y  K a r e n  M c B r i d e  a t  t h e  U n i v e r s i t y  o f  C o l o r a d o  i s  a  
m o n t h l y  u p d a t e  o n  c u r r e n t  u s e s  o f  i n f o r m a t i o n  
t e c h n o l o g y  o n  c o l l e g e  c a m p u s e s ,  i n c l u d i n g  h i g h -
t e c h n o l o g y  c l a s s r o o m s .  W i t h  e x p e r i e n c e s ,  b o t h  
s u c c e s s e s  a n d  f a i l u r e s ,  i n  u s i n g  s u c h  c l a s s r o o m s  b e i n g  
s h a r e d  f o r  t h e  c o m m o n  g o o d  a n d  t h e  b u r g e o n i n g  u s e  
o f  t h e  w o r l d  w i d e  w e b  c o m i n g  i n t o  v o g u e ,  t h e  
S y n t h e s i s  C o a l i t i o n  d e c i d e d  t o  c r e a t e  a n  e l e c t r o n i c  
d o c u m e n t  o n  t h e  w w w  [ 7 ] .  T h i s  i s  s e e n  a s  a  l i v i n g  
d o c u m e n t  w h e r e  i n t e r e s t e d  p a r t i e s  c a n  r e a d  ( a n d  v i e w )  
o t h e r s  e x p e r i e n c e s  a n d  c o n t r i b u t e  t h e i r  o w n  
e x p e r i e n c e s  t o  u p d a t e  t h e  B e s t  P r a c t i c e s  D o c u m e n t .  
2 . 0  T h e  B e s t  P r a c t i c e s  D o c u m e n t  
2 . 1  I n t r o d u c t i o n  
R e c e n t l y  i n t r o d u c e d  h i g h - t e c h n o l o g y  t e a c h i n g  a i d s ,  
p a r t i c u l a r l y  t h o s e  i n v o l v i n g  c o m p u t e r s ,  h a v e  b e e n  o n l y  
m o d e s t l y  u s e d  b y  t e a c h e r s  t h u s  f a r .  T h e  r e a s o n  f o r  
t h i s  i s  t h a t  m o s t  t e a c h e r s  d o  n o t  s e e  t h e  a d v a n t a g e s  o f  
u s i n g  h i g h - t e c h  t o o l s  i n  t h e  e d u c a t i o n a l  e n v i r o n m e n t  
M a n y  o f  t h o s e  w h o  s e e  t h e  v a l u e  o f  t h e s e  t o o l s  h a v e  
t r o u b l e  i n t e g r a t i n g  t h e m  i n t o  t h e i r  t e a c h i n g  s t r a t e g y .  
M o t i v a t e d  b y  t h e  b e l i e f  t h a t  t h e s e  t o o l s  c a n  b e  v e r y  
h e l p f u l  i n  t h e  l e a r n i n g  e n v i r o n m e n t ,  w e  h a v e  
d e v e l o p e d  a  W o r l d  W i d e  W e b  b a s e d  m u l t i m e d i a  
d o c u m e n t ,  B e s t  P r a c t i c e s ,  w h i c h  h a s  b e e n  d e s i g n e d  t o  
e d u c a t e  a n d  i n f o r m  t e a c h e r s  o n  h o w  b e s t  t o  u s e  t h e  
t e c h n o l o g y .  I t  i s  c o m p r i s e d  o f  t h e  o b s e r v a t i o n s  o f  
i n s t r u c t o r s ,  t e a c h i n g  a s s i s t a n t s ,  a n d  s t u d e n t s .  I t  a l s o  
c o n t a i n s  r e s u l t s  f r o m  s t u d e n t  a n d  i n s t r u c t o r  
q u e s t i o n n a i r e s ,  a s  w e l l  a s  e x a m p l e s  o f  w a y s  t h a t  h i g h -
t e c h  h a s  b e e n  u s e d  a t  U . C .  B e r l c e l e y  a n d  o t h e r  s c h o o l s .  
I t  i s  a  w o r k i n g  p r o j e c t ,  s u b j e c t  t o  c o n t i n u a l  u p d a t i n g ,  
r e s t r u c t u r i n g ,  a n d  a d d i t i o n  o f  n e w  m a t e r i a l .  T h e  U R L  
( U n i f o r m  R e s o u r c e  L o c a t o r )  i s  
h t t p : / / b i s b o p . b e r k e l e y  . e d u ! B e s t  _  P r a c t i c e s / b e s t . b t m l  
l . l  M u l t i m e d i a  a n d  H y p e r m e d i a  
M u l t i m e d i a  i s  a  v e r y  e f f e c t i v e  t o o l  f o r  c o m m u n i c a t i o n .  
V i d e o ,  s o u n d ,  a n i m a t i o n ,  p i c t u r e s ,  g r a p h i c s ,  a n d  t e x t  
a r e  i n t e r w o v e n  i n t o  a  c o m p u t e r - b a s e d  p r e s e n t a t i o n .  
T h e  B e s t  P r a c t i c e s  d o c u m e n t  c o n t a i n s  e a c h  o f  t h e s e  
t y p e s  o f  e l e m e n t s .  Q u i c k l i m e  m o v i e s  o f  l e c t u r e s  a n d  
i n t e r v i e w s ,  a n i m a t i o n s  o f  c o m p u t e r  c o u r s e w a r e ,  
p i c t u r e s  o f  e q u i p m e n t  a n d  r e l e v a n t  p e o p l e ,  a n d  
g r a p h i c s  s h o w i n g  s u r v e y  r e s u l t s  a r e  i n c l u d e d .  T h e  t e x t  
i s  t h e  c a r r i e r ,  t h e  g l u e  t h a t  h o l d s  t h e  e l e m e n t s  t o g e t h e r .  
H y p e r m e d i a  a l l o w s  f o r  u s e r - c o n t r o l l e d  n a v i g a t i o n .  
T h e  d o c u m e n t  c o n t a i n s  l i n k s  w h i c h ,  w h e n  u s e d ,  
c o n n e c t  t h e  u s e r  t o  d i f f e r e n t  i n f o r m a t i o n .  T h i s  w a y  
t h e  u s e r  m a y  r e v i e w  o n l y  t h e  m a t e r i a l  t h a t  i s  o f  
p a r t i c u l a r  i n t e r e s t  t o  h i m  o r  h e r ,  p r o v i d e d ,  o f  c o u r s e ,  
t h a t  t h e  n a v i g a t i o n a l  s y s t e m  a n d  i n t e r f a c e  a r e  e a s y  t o  
u s e .  
,  • . .  ~~,,,,.._
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2.3 World Wide Web 
Best Practices is part of the World Wide Web 
(WWW). The WWW is a platfonn-independent 
network: of infonnation accessible through a graphical 
interface, through which users can download text, 
images, video, and sound from remote locations. Most 
items on the web are accessible to all users. Best 
Practices will be linked to the NEEDS database, 
among other web locations. Each page in the 
document is an IITML (hypertext markup language) 
ftle. A web browser, which is located on the user's 
machine, reads IITML flies and produces web pages 
for the user. HfML allows for many hypermedia 
possibilities, which are realized in Best Practices. 
Text-links and image-links are contained within the 
documenL Each link sends the user to another page in 
the document, or perhaps even to a different location 
in the current page. The user can even be sent to 
IITML pages outside Best Practices, on other file 
servers on the WWW. Obviously, the user can 
navigate through the document in a non-linear fashion. 
lA Content Overview 
Best Practices is organized as shown in the Main 
Menu, shown in Figure 1. Material is divided into two 
groups: Computer-Supported Lectures and Project-
Based Learning. Both groups contain logistical 
information:. The Lectures section addresses lighting 
concerns and has an equipment overview. Project-
Based Learning discusses the elements of the 
computer labomtory. It is our fum belief that teachers 
must understand the logistics of equipment usage if 
the~ wish to optimize their benefits in the learning 
envtronment. 
Both groups also contain specific examples of ways 
that high-tech tools have been used in undergmduate 
engin~ring courses. The Lectures group presents 
overvtews of two undergraduate engineering courses 
taught at U.C. Berkeley, "~strumentation and 
Measurement" (ME107 A) and "Graphical 
Communication in Engineering" (E28). These two 
courses are also discussed in the Projects group. It is 
~ ~ope .of the authors that these specific examples 
will msp1re teachers and open the door to possibilities 
they might not have been aware of. 
~ @] 0 [QJ I Btst Pr.ctiots Mlln 'Y I 
URL: ilttp :/lbtshop.bwktl!y .tdu/BtstJ>r.ctiotslmlin.html 
• Computer Supported Lectures 
• Ll&ll!D 
• Equipment 
• De Com"QU)er m4 Coml'..atE.ml~ 
• Ibc LCD Pgl 
• ~p~jec!ion vith tbe LCD P01lol 
•RQBPm~ 
• Djstributd Mo»*»p 
• LectuD CoUIM"VID 
• What b Lectwe Coursevm I Crea!lng Lectwe Col 
• ME lQ?A. Pal11993 U C. BerJse!eX 
• G . ...hiille~. u c. Berkelo! 
• Project-Baaed Learning 
• Jbe Coml'.Jm..l.ill 
• Lab CoUI311'VIIJ8 m1 Projects 
• ME 107A Lab TlD:!JiaJs at U,C. Berke]Ot 
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Figure 1. Best Practices Main Menu. 
2.5 Computer Supported Lectures 
A discussion of lighting problems encountered during 
computer projection is highlighted by the 
recommendation to use incandescent dimmable down-
lights (see Figure 2). The use of track lights is also 
encoumged. The ensuing equipment overview 
discusses the computer, computer projection methods, 
and lecture environments. The computer is identified 
as the most important high-tech learning tool, and the 
other sections are mostly concerned with ways that it 
can be integrated into lectures. The discussion of 
computer projection involves the LCD panel and the 
RGB projection system. Quicktime movies show 
examples of how LCD panels and RGB display 
systems are used. Faculty and staff are interviewed, 
and they explain the advantages and disadvantages of 
each projection style. Additionally, we discuss the 
v~ues of classrooms that are specially equipped with 
vtdeo cameras and distributed monitors. 
~) 1995 ASEE Annual Conference Proceedings 
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2 . 6  P r o j e e t - B a s e d  L e a r n l n 1  
F i r s t ,  t h e r e  i s  a  b r i e f  d i s c u s s i o n  o f  i s s u e s  i n v o l v e d  w i t h  
t h e  c o m p u t e r  l a b o r a t o r y ,  d e a l i n g  w i t h  l a b r o o m  d e s i g n ,  
n e t w o r k i n s ,  a i r - c o n d i t i o n i n g ,  c o n c u r r e n t  p r o j e c t i o n ,  
a n d  t h e  " s h a r e d  s c r e e n s "  f e a t u r e .  T h e  r e m a i n d e r  o f  
B e s t  P r a c t i c e s  d e a l s  w i t h  t h r e e  s p e c i f i C  c l a s s  p r o j e c t s  
a n d  a c t i v i t i e s :  t h e  M E 1 0 7 A  l a b o r a t o r y  t u t o r i a l s ,  t h e  
E 2 8  C o l o r  S p i n  l a b ,  a n d  t h e  E 2 8  S p a t i a l  R e a s o n i n g  
W o r k s h o p .  
l . 7  M E 1 0 7  A  L a b o r a t o r y  T u t o r i a l s  
I n  M E 1 0 7 A ,  c o m p u t e r - b a s e d  l a b o r a t o r y  t u t o r i a l s  w e r e  
u s e d  t o  h e l p  s t u d e n t s  p r e p a r e  f o r  l a b  a s s i g n m e n t s .  
E a c h  t u t o r i a l  w a s  d e v e l o p e d  f o r  a  s p e c i f i c  l a b  
a s s i g n m e n t .  a n d  s t u d e n t s  r e v i e w e d  t h e  t u t o r i a l s  b e f o r e  
e a c h  i a b  s e s s i o n .  T h e  a d v a n t a g e  o f  t h e  t u t o r i a l s  i s  t h e  
m u l t i m e d i a  i n t e r f a c e ,  w h i c h  a l l o w s  s t u d e n t s  t o  s e e  
p i c t u r e s  a n d  v i e w  m o v i e s  t o  h e l p  t h e m  v i s u a l i z e  a n d  
u n d e r s t a n d  c l a s s  m a t e r i a l .  B e s t  P r a c t i c e s  e x p l a i n s  t h e  
t u t o r i a l s '  n a v i g a t i o n a l  s y s t e m ,  s h o w i n g  s c r e e n s h o t s  
f r o m  t h e  V i b r a t i o n s  T u t o r i a l .  A  s t u d e n t  s u r v e y  
i n d i c a t e d  t h a t  m o s t  o f  t h e  s t u d e n t s  f o u n d  t h e  t u t o r i a l s  
e a s y  t o  n a v i g a t e ,  a n d  d i d n ' t  e n d  u p  g e t t i n g  l o s t .  I t  a l s o  
r e v e a l e d  t h a t  m o s t  o f  t h e  s t u d e n t s  p r e f e r  m o v i n g  
t h r o u g h  t h e  t u t o r i a l s  l i n e a r l y  a t  f i r s t .  
2 . 8  E l l  M a t t e i  C o l o r  S p i n  L a b  
T h e  E 2 8  M a t t e i  C o l o r  S p i n  L a b  w a s  d e s i g n e d  t o  
i n t e g r a t e  c o m p u t e r - b a s e d  c o u r s e w a r e  w i t h  h a n d s - o n  
a c t i v i t y .  T h e  c o l o r  s p i n  i s  a  s m a l l  t o y  w h i c h  t h e  c l a s s  
u s e d  i n  s t u d y i n g  m e c h a n i c a l  d i s s e c t i o n .  S t u d e n t s  
s p e n t  h a l f  t h e i r  t i m e  p h y s i c a l l y  e x a m i n i n g  t h e  t o y ,  a n d  
t h e  o t h e r  h a l f  v i e w i n g  a  d e s i g n  c a s e  s t u d y  c r e a t e d  f o r  
i t .  T h e  e x a m i n a t i o n  a l l o w e d  t h e m  t o  t a k e  i t  a p a r t ,  a n d  
t h e y  , w e r e  a l s o  g i v e n  a  q u e s t i o n n a i r e  c o n c e r n e d  w i t h  
d e s i g n  c o n s i d e r a t i o n s .  T h e  c a s e  s t u d y  c o n t a i n s  
i n t e r v i e w s  o f  M a t t e i  e m p l o y e e s ,  a s  w e l l  a s  
F i g u r e  2 .  J n c a n d e s c e n l  d o w n  l i g h t s :  a n  e x a m p l e  o f  t h e  t y p e  
o f  i m a g e s  w h i c h  a r e  i n c l u d e d  i n  B e s t  P r a c t i c e s .  
T h e  i m p l e m e n t a t i o n  o f  c o u r s e w a r e  i n t o  t h e  l e c t u r e  
e n v i r o n m e n t  i s  s h o w n  i n  t h e  e x a m i n a t i o n  o f M E 1 0 7 A  
a n d  E 2 8 .  T h e  t r e a t m e n t  o f  M E I 0 7  A ,  " I n s t r u m e n t a t i o n  
a n d  M e a s u r e m e n t " ,  e x p o s e s  o n e  o f  t h e  p o t e n t i a l  
p i t f a l l s  o f  u s i n g  h i g h - t e c h n o l o g y  d u r i n g  l e c t u r e s .  
S t u d e n t s  i n d i c a t e  a  p r e f e r e n c e  f o r  b l a c k b o a r d - b a s e d  
l e c t u r e s ,  d u e  t o  t h e  c o n t e n t i o n  t h a t  t h e  p a c e  o f  t h e  
c o m p u t e r - b a s e d  l e c t u r e s  w a s  t o o  f a s t .  T h e  i n s t r u c t o r  
a l s o  s h a r e d  t h i s  o p i n i o n .  T h e  s t u d e n t s  g r e a t l y  
a p p r o v e d  o f  t h e  p r a c t i c e  o f  o f f e r i n g  t h e m  a c c e s s  t o  
c o m p u t e r - b a s e d  l e c t u r e  c o u r s e w a r e ,  s o  t h a t  t h e y  c a n  
r e v i e w  i t  a t  t h e i r  o w n  c o n v e n i e n c e .  F i n a l l y ,  t h e  
s e c t i o n  c o n c l u d e s  w i t h  a  b r i e f  d i s c u s s i o n  o f  l e c t u r e  
c o u r s e w a r e  p r e p a r a t i o n  t i m e .  T h e  i n s t r u c t o r  o f  
M E 1 0 7  A  s p e n t  a p p r o x i m a t e l y  s i x  t o  e i g h t  h o u r s  i n  
p r e p a r a t i o n  f o r  e a c h  h o u r  a n d  a  h a l f  l e c t u r e .  
T h e  d i s c u s s i o n  o f  E 2 8 ,  " G r a p h i c a l  C o m m u n i c a t i o n  i n  
E n g i n e e r i n g " ,  a d d r e s s e s  s o m e  o f  t h e  l e s s o n s  l e a r n e d  
f r o m  M E 1 0 7 A .  S p e c i f i c a l l y ,  t h e  p a c e  w a s  s l o w e d  
d o w n .  S t u d e n t s  i n d i c a t e d  a  g e n e r a l  a p p r o v a l  o f  t h e  
c o m p u t e r · b a s e d  s t y l e .  M o s t  o f  t h e m  i n d i c a t e d  t h e  
p a c e  t o  b e  " J u s t  r i g h t " .  S o m e  e v e n  d e s c r i b e d  i t  t o  b e  
s l o w e r  t h a n  n e c e s s a r y .  A g a i n , t a ' l e  s t u d e n t s  a p p r o v e d  
o f  b e i n g  g i v e n  a c c e s s  t o  t h e  c o u r s e  l e c t u r e  n o t e s .  
/ '  • . . . . .  , , , , ,  
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I¢ I 0 j-Q-,, E 28. Matttl COlor Sptn .... , 
t.IIL: Mtp:/lb!s!!op.b.rkt!tu .tdu1Bts1..Practiots/propots4.htm1 
B:l:••htD•doa of 1M COlor IJia 
"lbblta4WI WD ctwn 1bl opportullity t11Mm about 1bl CoJox 
"lbbycovld llollll, ... "· 1llt it, .. 1t apart, put" beet tlptt 
AIIO, 1be7 'WIDI cimL a qUNtloDIIIb ecmcemed 'Wh tblldulp 
IIIIJDller of per1ll, PJ04UC1bn pmc:eaa, IOfotY foatuDa, et: ( 1.8 111 
IWeuor AcocfD:J). 
~Cueata4y 
HopetaQJ, DIDit of 1bl studen11' questloDI about1bl Color Spm 
~buld CUI study. 'Die CUI study~ imtrvii'VII 
pmdUC11oD ri1eo .Un1iom inside 1bl plant It sho'VI tbe 111v d 
1110dl_.lllnn1fles and d1114nn11Ces. 'lbe case stuly iS botll 
Pttmc students moreln-.es_. In 1be mateiiel 
Figure 3. &cerpt from the Color Spin section. 
production video taken from inside the plant. It shows 
the new design, the old one, and the associated 
advantages and disadvantages. The case study was 
used both as a learning tool and as a means of getting 
students more interested in the material. Figures 3 and 
4 show an excerpt from the section of Best Practices 
which deals with the color spin. 
TU Cue Itt~====..,;.;_~~-~ Hopeflllly,JDOI ............ __ ... ______ .,.. 
compu1er-bued case study. 'lbe case study conTainS lnteJVIIIw c 
pmd111:tim Yilleo .Un fmm lDsJ4e 1be plant. It sho'YJ tbe ~~ev d 
usocia~ lllvan\Bees and dlllllvan111Ces. 'lbe case :~tudy iS botb 
c•tdDC stulllents moa idas~ m the mateiial. 
Figure4. The same page as in Figure 3, after one of the 
quicklime movies luJs been downloaded. 
1.9 E28 Spatial Reasoning Workshop 
The E28 Spatial Reasoning Workshop was held to 
help students improve their spatial reasoning skills, 
and consisted of various exercises. Two of these 
exercises were computer-based software applications, 
BLOCKSTACKING™ and DISPLAY OBJEC'fl"M. 
Best Practices focuses primarily on the use of these 
software applications. First, there are some video 
excerpts from the workshop, showing students using 
the computers. Second, both applications are 
explained and demonstrated Third, the results of a 
student questionnaire are discussed. The students are 
asked questions such as "Did this session help or hurt 
your ability to reason spatially'?" and "How has your 
level of confidence in spatial reasoning changed as a 
result of this session'?", to which most of them 
responded positively. Finally, the document contains 
some video excerpts of student interviews. Here, the 
students focus on issues such as whether the workshop 
was enjoyable, what might have troubled them, and 
whether it was better than conventional styles of 
learning. Those interviewed expressed that learning 
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-f r o m  a  c o m p u t e r - b a s e d  p l a t f o r m  w a s  m o r e  e n j o y a b l e ,  
m o t i v a t i n g ,  a n d  e f f e c t i v e  t h a n  o t h e r  s t y l e s ,  p r i m a r i l y  
b e c a u s e  i t  i s  i n t e r a c t i v e  a n d  a l l o w s  f o r  b e t t e r  3 - D  
v i s u a l i z a t i o n .  
3 . 0  F u t u r e  D i r e c t i o n s  
T h e r e  a r e  s e v e r a l  d i r e c t i o n s  w h i c h  a r e  b e i n g  p u r s u e d  
f o r  i m p r o v e m e n t s .  W e  w o u l d  l i k e  t o  c r e a t e  a  b u l l e t i n  
b o a r d  w h e r e  i n t e r e s t e d  r e a d e r s  c o u l d  p o s t  c o m m e n t s  
a n d  s u g g e s t i o n s  a s  w e l l  a s  i n d i c a t e  t h e i r  i n t e r e s t  i n  
c o n t r i b u t i n g  t o  t h e  d o c u m e n t  i t s e l f .  T h e  n u m b e r  a n d  
t y p e s  o f  u s e  o f  h i g h - t e c h n o l o g y  d e l i v e r y  s y s t e m s  i s  
g r o w i n g  a n d  t h e  d o c u m e n t  w i l l  n e e d  t o  b e  e x p a n d e d  t o  
c o v e r  t h e  v a r i o u s  u s e s  i n  t h e s e  n e w  a r e a s .  T h e  
d e v e l o p m e n t  o f  c o u r s e w a r e  t h a t  i s  u s e d  i n  m u l t i m e d i a  
l e s s o n s  i s  a l s o  f e r t i l e  g r o u n d  f o r  s h a r i n g  e x p e r i e n c e s  i n  
t h e  " B e s t  P r a c t i c e s "  c o n c e p t .  A n o t h e r  f u t u r e  d i r e c t i o n  
m i g h t  b e  t o  d i s c u s s  t h e  u s e s  o f  t h e  i n t e r n e t ,  a n d  
s p e c i f i c a l l y  t h e  w o r l d  w i d e  w e b ,  i n  e d u c a t i o n a l  
e n v i r o n m e n t s .  
A c k n o w l e d g m e n t s  
T h e  a u t h o r s  w i s h  t o  t h a n k  t h e  N a t i o n a l  S c i e n c e  
F o u n d a t i o n  a n d  t h e  S y n t h e s i s  C o a l i t i o n  f o r  f u n d i n g  
t h i s  p r o j e c t .  T h e y  w o u l d  e s p e c i a l l y  l i k e  t o  t h a n k  
S y n t h e s i s  C o a l i t i o n  D i r e c t o r  a n d  M e c h a n i c a l  
E n g i n e e r i n g  P r o f e s s o r  A l i c e  A g o g i n o  a t  t h e  U n i v e r s i t y  
o f  C a l i f o r n i a  a t  B e r k e l e y  f o r  h e l p  w t d  g u i d a n c e  i n  t h i s  
p r o j e c t .  
1 .  E d i e ,  A r v i d  R .  a n d  T h o m a s ,  R o b e r t J . ,  " T h e  I m p a c t  
o f  T e c l m o l o g y  o n  U n d e r g r a d u a t e  E d u c a t i o n , "  
p r e s e n t e d  a t  t h e  F r o n t i e r s  i n  E d u c a t i o n  C o n f e r e n c e ,  
N a s h v i l l e ,  l N .  1 9 9 2 .  
2 .  A g o g i n o  e t  a t ,  " N a t i o n a l  E n g i n e e r i n g  E d u c a t i o n  
D e l i v e r y  S y s t e m  ( N E E D S ) , "  P r o c e e d i n e s  o f  t b e  
F r o n t i e r s  i n  E c 1 u c a t i o n  C o n f e r e n c e .  p p  5 9 2 - 5 9 7 ,  
W a s h i n g t o n  D C ,  1 9 9 3 .  
3 .  H u s t o n ,  J e f f r e y  C . ,  B a r r a n c e ,  P e t e r  1 .  a n d  H i e m c k e ,  
C h r i s t o p h ,  " M u l t i m e d i a  C o u r s e w a r e  i n  t h e  I n s t r u c t i o n  
o f  U n d e r g r . . d u a t e  D y n a m i c s , "  P r o c e e d j n e s  o f  t h e  
F r o n t i e r s  i n  E d u c a t i o n  C o n f e r e n c e .  p p 1 6 2 - 1 6 7 ,  
N a s h v i l l e ,  1 N ,  1 9 9 2 .  
4 .  G e n a l o ,  L a w r e n c e  J  . •  " N e w  T e c h n o l o g i e s  i n  
E n g i n e e r i n g  C l a s s r o o m s , "  P m c r . e d i n & s  o f  t h e  F r o n t i e r s  
i n  E < l u c a t j o n  C o n f e r e n c e .  p p 6 6 8 e 6 7 0 ,  N a s h v i l l e , 1 N ,  
1 9 9 2 .  
5 .  " H P ' s  V i r t u a l  C l a s s r o o m  T a k e s  L e a r n i n g  B e y o n d  
t h e  H o r i z o n , "  C b r o n i c l e  o f  H i e b e r  E d u c a t i o n .  A u g u s t ,  
1 9 9 3 .  
6 .  G e n a l o ,  L a w r e n c e  1  . ,  " N E E D S :  H i g h - T e c h n o l o g y  
D e l i v e r y  S y s t e m s ,  " P r o c e e d i n & s  o f  t h e  F r o p t i e r s  i n  
E d u c a t i o n  C o n f e r e n c e .  p p 5 9 8 - 6 0 0 ,  W a s h i n g t o n  D C ,  
1 9 9 3 .  
7 .  G i l l ,  S a n j i v p a l  S . , " T h e  B e s t  P r a c t i c e s  D o c u m e n t  
R e c o m m e n d a t i o n s  f o r  U s i n g  I n s t r u c t i o n a l  T e c h n o l o g y  
f o r  D e l i v e r y  o f  C o u r s e w a r e , "  G r a d u a t e  G r o u p  i n  
M e c h w t i c a l  E n g i n e e r i n g ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  
B e r k e l e y ,  1 9 9 4 .  
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